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(57) ABSTRACT 

The present invention overcomes disadvantages including 
the occurrence of uneven printing, the need to provide a 
large-sized power Supply, high cost and the deterioration of 
energy conversion efficiency resulting from the application 
of high current to the common resistance of a line head in a 
thermal printer for printing an image by the line head. 
Specifically, a gradation generating means (14) for generat 
ing gradation data; a selection means (15) for alternatively 
Selecting each image data the number of which corresponds 
to the number of head elements of a head, and data of value 
0 for the respective image data, and for Switching Selection 
as to which data is to be Selected, the image data or the data 
of value 0, every time a value of the gradation data changes, 
and a comparison means (16) for feeding signals each 
indicating a comparison result of comparing the data 
Selected by the Selection means (15) with the gradation data, 
are provided at a line head controller (7) of a thermal printer. 

18 Claims, 7 Drawing Sheets 
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HEAD CONTROLLER OF THERMAL 
PRINTER AND THERMAL PRINTER 

PRINTING METHOD 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a printer printing an 
image with a line head and particularly relates to a printer 
characterized by having a line head controller for controlling 
the line head. 

2. Description of the Related Art 
A thermosensitive printer (thermal printer) is a widely 

used printer type. The thermal printer applies current accord 
ing to gradations (image tones from white to black) to the 
head elements of a head, thereby transferring a thermal 
melting or thermal-Sublimating material coated on a ribbon 
to a medium by the heat of the head elements or coloring a 
thermosensitive material coated on a medium by the heat of 
the head elements. 

FIG. 1 shows one example of the constitution of a line 
head controller which is a circuit provided to control current 
applied to the respective head elements of the line head in a 
conventional thermal printer for printing an image by the 
line head. In this line head controller (to be referred to 
Simply as head controller hereinafter) 51, N pieces of image 
data for one line among the image data represent gradations 
at the positions of dots on the respective lines of a medium 
width, for example, eight bits (i.e., with 256 density levels), 
respectively. If the number of dots per line is, for example, 
2056, then 2056 image data are written to a line memory 52. 
A gradation counter 53 is a counter which counts up 

gradation data from a minimum value 0 to a maximum value 
255 of 256 gradations each represented by eight bits, with a 
clock signal CKused as an operating clock, after the counter 
53 is reset at an initial value 0 by a reset signal RS. 

First, when the value of the gradation counter 53 is 0, 
image data are read out one by one from the line memory 52 
and a comparator 54 compares each of the image data with 
the value of the gradation data. When the value of the image 
data is higher than the value of the gradation data, a H (high) 
signal CP is outputted from the comparator 54 and when 
lower, an L (low) signal CP is outputted from the comparator 
54. 

The Signals CP each indicating a comparison result as 
well as shift pulses (not shown) are sequentially fed from the 
head controller 51 to a sift register 62 in the line head (to be 
referred to simply as head hereinafter) 61. As a result, by the 
time the comparator 54 completes comparison for all the 
image data for one line read from the line memory 52, 
Signals indicating whether the density levels of the image at 
the respective dot positions on this one line are higher than 
0 are stored in the shift register 62 in the head 61. 
When the comparator 54 completes comparison with 

respect to all the image data corresponding to one line and 
read from the line memory 52, the head controller 51 allows 
the signals stored in the shift register 62 in the head 61 to be 
outputted Simultaneously and to be latched by a latch circuit 
63 in the head 61. The respective signals latched by the latch 
circuit 63 are supplied to head elements in the head 61. 

FIG. 2 shows one example of the structure of the head 
element. Transistors 65 are arranged on a Substrate (not 
shown in FIG. 2) So as to correspond to the respective 
positions of dots on one line (therefore, the number of 
transistors 65 is N, equal to the number of dots per line), and 
each of the transistors 65 functions as one piece of the head 

15 

25 

35 

40 

45 

50 

55 

60 

65 

2 
element. The collector of each transistor 65 is connected in 
parallel to a semiconductor 66 through a resistor 64. Both 
ends of the Semiconductor 66 are connected to a power 
terminal 68 using a copper wire 67. The emitter of each 
transistor 65 is connected to an earth terminal 70 using a 
copper wire 69. 

Each of the signals latched by the latch circuit 63 shown 
in FIG. 1 is supplied to the base of each transistor 65 at the 
position of a corresponding dot. Thus, current is applied only 
to transistors 65 to the bases of which H signals are supplied 
(which transistors 65 are located at positions corresponding 
to the positions of dots having density levels higher than 0) 
and only these transistors 65 are heated. 

Next, in the head controller 51, the gradation counter 53 
counts upgradation data by one. Image data are read again 
from the line memory 52 one by one and each of the image 
data is compared with the value 1 of the gradation data by 
the comparator 54. When the comparison is completed, the 
signals stored in the shift register 62 in the head 61 are 
latched anew by the latch circuit 63 in the head 61. By doing 
So, current is applied only to transistors to which bases H 
Signals are Supplied (which transistors 65 in this case are 
located at positions corresponding to the positions of dots 
having density levels higher than 1) and only these transis 
tors 65 are therefore heated. 

Thereafter, the head controller 51 continues the same 
processings repeatedly, while the gradation counter 53 
counts up gradation data one at a time up to a maximum 
value 255. As a result, H signals (i.e., PWM signals which 
density levels are modulated to pulse widths) are Supplied to 
the bases of the respective transistors 65 for a period of time 
according to gradations at their corresponding dot positions. 
Therefore, current flows for a period of time according to the 
gradations. A thermal-melting or thermal-Sublimating mate 
rial coated on a ribbon is transferred to a medium by the heat 
of the respective transistors 65 (or a thermosensitive mate 
rial coated on the medium is colored as a result of heat 
generated at the transistors 65 due to the application of 
current to the transistors 65), whereby an image correspond 
ing to one line is written on the medium. 

After the image corresponding to one line is written, the 
gradation counter 53 is reset at the initial value 0 in the head 
controller 51 and image data corresponding to the next line 
are written to the line memory 52. The above-stated steps are 
conducted repeatedly for these image data. 

In the meantime, according to the conventional head 
controller 51 as stated above, while the value of the grada 
tion data at the gradation counter 53 is close to a minimum 
value 0, Hsignals CP are outputted from the comparator 54 
for almost all image data read from the line memory 52. 
During this period, therefore, current is simultaneously 
applied to almost all transistors 65 of the head 61. 
AS Stated above, if current is simultaneously applied to 

almost all transistors 65, high current flows through the 
semiconductor 66 and the copper wire 67 (a resistor com 
mon to the transistors 65) correspondingly. If the number of 
transistors 65 is 2056, current flowing through the common 
resistor (to be referred to as “common resistance' 
hereinafter) is, for example, 8 to 10 amperes. If Such high 
current is applied to the common resistance, the following 
disadvantages occur. 

(1) Generally, in a thermal printer, the length of time for 
allowing the latch circuit 63 of the head 61 to latch signals 
(i.e., the length of time for applying current to the transistors 
65) is corrected within a range of a cycle in which the 
gradation counter 53 counts upgradation data, in accordance 
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with the number of image data for which H signals CP are 
outputted from the comparator 54 of the head controller 51, 
thereby Suppressing the occurrence of uneven printing 
derived from a Voltage drop at the common resistance 
(particularly the Voltage drop at the Semiconductor 66), 
which correction will be referred to as “number correction'. 
If current as high as 8 to 10 amperes is applied to the 
common resistance, however, the Voltage drop becomes 
larger at the common resistance. Thus, even if this number 
correction is made, it becomes impossible to SuppreSS the 
occurrence of uneven printing. 

(2) The period of time for which current flows through 
almost all transistors 65 is a period for which the value of the 
gradation data at the gradation counter 53 is close to a 
minimum value 0. For that reason, although the period is 
only part of the time needed for printing imageS for one line, 
it is required to provide a large-sized, expensive power 
Supply capable of Supplying current as high as 8 to 10 
amperes to the head 61 for that period. 

(3) Due to a large Voltage drop at the common resistance, 
efficiency for converting the electric energy of the power 
Supply into the heat energy of the transistors 65 deteriorates. 
Here, if the resistances of the individual head elements are 
increased, current applied to each head element decreases, 
thereby making it possible to decrease the current flowing 
through the common resistance even in a period in which 
current is simultaneously applied to almost all the head 
elements. However, developing a head having high 
resistance head elements disadvantageously makes the 
design and manufacturing processes complex and costly. 

SUMMARY OF THE INVENTION 

The present invention has been made in view of the 
above-Stated disadvantages and the object of the present 
invention is to overcome the disadvantages including the 
occurrence of uneven printing, the need to provide a large 
sized power Supply, high cost and the deterioration of energy 
conversion efficiency resulting from the application of high 
current to the common resistance of a line head. Thus, 
instead of developing a line head having high-resistance 
head elements, an available line head is used in a thermal 
printer for printing an image. 
To obtain the above object, the applicant of the present 

invention proposes a line head controller of a thermal printer 
printing an image by a line head, for generating gradation 
data representing image gradations by Stages, alternately 
Selecting each image data the number of which corresponds 
to the number of head elements of the line head, and data of 
value 0, and Switching Selection as to which data is to be 
Selected, the image data or the data of value 0, every time a 
value of the gradation data changes, and feeding a signal 
indicating a comparison result of comparing the Selected 
data with the gradation data to the line head. 

In this line head controller, for the number of image data 
corresponding to the number of the head elements of the line 
head, each image data and the data of value 0 are alternately 
Selected and the Selected data is compared with the gradation 
data. Then, for each image data, Selection is Switched as to 
which data is to be Selected, the image data or the data of 
value 0, every time the value of the gradation data changes. 

Accordingly, in any periods in which the gradation data 
has a given value, the data of value 0 is Selected and 
compared with the gradation data for half the image data 
among the image data the number of which corresponds to 
the number of the head elements. Thus, the Signal indicating 
that the value of the image data is higher than the value of 
the gradation data, is not fed to the line head. 
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4 
Consequently, in the thermal printer provided with this 

line head controller, the number of the head elements applied 
with current becomes about half the number of the head 
elements in the printer provided with the conventional line 
head controller Such as the head controller 51 shown in FIG. 
1 (i.e., the total current flowing through the respective head 
elements is reduced to about half the current in the conven 
tional case) throughout the periods in which the gradation 
data have all values (i.e., the entire printing time for one 
line). 

Therefore, even in a period in which the value of the 
gradation data is close to the minimum value, current is not 
Simultaneously applied to almost all the head elements but 
applied only to approximately half the head elements, So that 
the maximum value of the total current flowing through the 
respective head elements is reduced to a half of the current 
in the conventional case. 

AS a result, current flowing through the common resis 
tance of the line head becomes greatly lower than the current 
in the conventional case, while using the same head as the 
conventional line head without newly developing a line head 
having high-resistance head elements. This can overcome 
disadvantages including the occurrence of uneven printing, 
the need to provide a large-sized power Supply, high cost and 
the deterioration of energy conversion efficiency as 
described in (1) to (3) above. 
The individual image data are compared with every other 

value of the gradation data and two image data correspond 
ing to adjacent two head elements are compared with 
gradation data different from each other. Accordingly, an 
image composed by imageS printed by adjacent two head 
elements (i.e., by images located at the positions of two 
adjacent dots) is printed with the same gradations as that in 
case of comparing the image data with all the values of the 
gradation data. It is, therefore, possible to prevent the 
gradations from appearing coarser when Viewing a printed 
image. 

It is noted that the line head controller is more preferably 
constructed to Switch the Selection per line as to which data 
is to be Selected, the image data or the data of value 0, for 
the respective image data with the gradation data being the 
Same value. 

By doing So, the Selection is Switched every line as to 
which data is compared with the gradation data, each image 
data or the data of value 0 with regard to the respective 
image data corresponding to the Same head element. Due to 
this, not only an image composed by imageS printed by 
adjacent two head elements (i.e., images located at positions 
of two adjacent dots in a line direction) but also an image 
printed on adjacent two lines by the same head element (i.e., 
images located at positions of two adjacent dots in croSS 
direction) can be printed with the same gradations as those 
in case of comparing the image data with all values of the 
gradation data. It is, therefore, possible to further prevent the 
gradations from appearing coarser when Viewing a printed 
image. 

Further, it is more preferable that the line head controller 
is constituted to feed a signal correcting current-carrying 
time for carrying current to head elements of the line head 
to the line head in accordance with the Signal indicating the 
comparison result. By doing So, it is possible to more 
SuppreSS the generation of uneven printing resulting from 
Voltage drop at the common resistance of the line head. 

Next, the applicant of the present invention proposes a 
printer printing an image by a line head, comprising a line 
head controller for controlling generating gradation data 
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representing image gradations by Stages; for alternately 
Selecting each image data the number of which corresponds 
to the number of head elements of the line head, and data of 
value 0, and Switching Selection as to which data is to be 
Selected, the image data or the data of value 0, every time a 
value of the gradation data changes, and for feeding a signal 
indicating a comparison result of comparing the Selected 
data with the gradation data to the line head. 

This printer is provided with the above-stated line head 
controller according to the present invention. Therefore, if 
the printer is a thermal printer, the disadvantages including 
the occurrence of uneven printing, the need to provide a 
large-sized power Supply, high cost and the deterioration of 
energy conversion efficiency as Stated in (1) to (3) above are 
overcome, and the gradations are prevented from appearing 
coarser if viewing a printed image. 

In case of the printer as in the case of the above, it is more 
preferable that the line head controller is constituted to 
Switch the Selection as to which data is to be Selected, the 
image data or the data of value 0 with the gradation data 
being a same value per line for the respective image data, 
and to feed a signal correcting current-carrying time for 
carrying current to the head element of the line head to the 
line head in accordance with the Signal indicating the 
comparison result. 

Further, the applicant of the present invention proposes a 
line head controller of a thermal printerprinting an image by 
a line head, comprising: gradation generation means for 
generating gradation data representing image gradations by 
Stages, Selection means for alternately Selecting each image 
data the number of which corresponds to the number of head 
elements of the line head, and data of value 0, and for 
Switching Selection as to which data is to be Selected, the 
image data or the data of value 0, every time a value of the 
gradation data changes, and comparison means for feeding 
a signal indicating a comparison result of comparing the 
Selected data with the gradation data to the line head. 

According to this line head controller, the disadvantages 
of the thermal printer including the occurrence of uneven 
printing, the need to provide a large-sized power Supply, 
high cost and the deterioration of energy conversion effi 
ciency as Stated in (1) to (3) above are overcome, and the 
gradations are prevented from appearing coarser if viewing 
a printed image. 

In case of the printer as in the case of the above, it is more 
preferable that the line head controller is constituted to 
Switch the Selection as to which data is to be Selected, the 
image data or the data of value 0 with the gradation data 
being a same value per line for the respective image data, 
and to further comprise Voltage drop correction means for 
feeding a signal correcting current-carrying time for carry 
ing current to the head elements of the line head to the line 
head in accordance with the Signal indicating the compari 
Son result. 

Next, the applicant of the present invention proposes a 
thermal printer printing an image by a line head, comprising 
a line head controller, the line head controller comprising: 
gradation generation means for generating gradation data 
representing image gradations by Stages, Selection means for 
alternately Selecting each image data the number of which 
corresponds to the number of head elements of the line head, 
and data of value 0, and for Switching Selection as to which 
data is to be selected, the image data or the data of value 0, 
every time a value of the gradation data changes, and 
comparison means for feeding a Signal indicating a com 
parison result of comparing the Selected data with the 
gradation data to the line head. 
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6 
According to this line head controller, the disadvantages 

of the thermal printer including the occurrence of uneven 
printing, the need to provide a large-sized power Supply, 
high cost and the deterioration of energy conversion effi 
ciency as Stated in (1) to (3) above are overcome, and the 
gradations are prevented from appearing coarser if viewing 
a printed image. 

In case of the printer as in the case of the above, it is more 
preferable that the line head controller is constituted to 
Switch the Selection as to which data is to be Selected, the 
image data or the data of value 0 with the gradation data 
being a same value per line for the respective image data, 
and to further comprise Voltage drop correction means for 
feeding a signal correcting current-carrying time for carry 
ing current to the head elements of the line head to the line 
head in accordance with the Signal indicating the compari 
Son result. 

Next, the applicant of the present invention proposes a 
printer printing method of printing an image by a line head, 
comprising: a gradation generation Step of generating gra 
dation data representing image gradations by Stages, a 
Selection Step of alternately Selecting each image data the 
number of which corresponds to the number of head ele 
ments of the line head, and data of value 0, and of Switching 
Selection as to which data is to be Selected, the image data 
or the data of value 0, every time a value of the gradation 
data changes, and a comparison Step of feeding a signal 
indicating a comparison result of comparing the Selected 
data with the gradation data to the line head. 

According to this printing method, if the printer is a 
thermal printer, the disadvantages including the occurrence 
of uneven printing, the need to provide a large-sized power 
Supply, high cost and the deterioration of energy conversion 
efficiency as Stated in (1) to (3) above are overcome, and the 
gradations are prevented from appearing coarser if viewing 
a printed image. 

In case of this printing method as in the case of the above, 
it is more preferable that in the Selection Step, the Selection 
as to which data is to be Selected, the image data or the data 
of value 0 with the gradation data being a Same value is 
Switched per line for the respective image data, and that the 
printing method further comprises a Voltage drop correction 
Step of feeding a Signal correcting current-carrying time for 
carrying current to head elements of the line head to the line 
head in accordance with the Signal indicating the compari 
Son result. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing one example of the 
constitution of a line head controller in a conventional 
thermal printer; 

FIG. 2 is a view showing one example of the structure of 
a head element; 

FIG. 3 is a block diagram showing the overall constitution 
of Signal processing Systems in a thermal printer to which 
the present invention is applied; 

FIG. 4 is a block diagram showing one example of the 
constitution of a line head controller shown in FIG. 3; 

FIG. 5 is a view showing image data compared with the 
respective values of gradation data by a comparator shown 
in FIG. 4 at the time of printing an image on an odd 
numbered line; 

FIG. 6 is a diagram showing image data compared with 
the respective values of gradation data by the comparator 
shown in FIG. 4 at the time of printing an image on an 
even-numbered line, and 
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FIG. 7 is a diagram showing the gradations of an image 
composed by images at the positions of two adjacent dots in 
an Orthogonal direction to a line direction. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

An example of applying the present invention to a thermal 
printer will be described hereinafter. 

FIG. 3 is a block diagram showing the overall constitution 
of Signal processing Systems in a thermal printer to which 
the present invention is applied. 

Image data of RGB primary colors representing grada 
tions at the positions of 2056 dots per line with eight bits 
(i.e., 256 density levels), respectively, is Supplied to this 
thermal printer externally and written to a memory 2 under 
the control of a memory controller 1. When printing an 
image, the RGB image data written to the memory 2 is read 
by the memory controller I and fed to a line head controller 
(to be referred to simply as head controller hereinafter) 7 by 
way of a pallet Section 3, a masking Section 4, a gamma 
correction section 5 and a PQC (Picture Quality Control) 
Section 6. 

The pallet Section 3 conducts a processing for converting 
the RGB image data into image data of Y (yellow), M 
(magenta) and C (cyan). 

The masking Section 4 conducts a processing for correct 
ing the turbidity of reproduced colors derived from the 
spectral characteristics of the three color materials of Y, M 
C coated on a ribbon. 
The gamma correction Section 5 conducts a processing for 

correcting the image data in accordance with the color 
characteristics relative to the heat of the thermal-melting or 
thermal-Sublimating material coated on the ribbon (or a 
thermosensitive material coated on a medium). 

The POC Section 6 conducts a processing for correcting 
the image data in accordance with the temperature rise 
characteristics of head elements at the time of Starting 
application of current and the thermal Storage effect of the 
head elements after a temperature rise. 

FIG. 4 shows one example of the constitution of the head 
controller 7. The head controller 7 is provided with a line 
memory 11, a buffer memory 12, a line memory 13, a 
gradation counter 14, a 2-input, 1-output Selector 15, a 
comparator 16 and a microcomputer 17. The microcomputer 
17 controls the respective constituent elements of the head 
controller 7, as well as a line head 9 and a voltage drop 
correction section 8 to be described later. 

Among the image data fed from the PQC section, 2056 
image data corresponding to the first one line are written to 
the line memory 13 through the buffer memory 12. Also, 
2056 image data corresponding to the next one line are 
written to the line memory 11. 

The gradation counter 14 is a counter for counting up 
gradation data one by one from a minimum value 0 to a 
maximum value 255 of 256 gradations each represented by 
8 bits, with a clock Signal CK used as an operating clock 
after the counter 14 is reset at an initial value 0 by a reset 
signal RS. 

The image data read from the line memory 13 are inputted 
to one input terminal i1 of the selector 15 and 8-bit data of 
value 0 (to be referred to as zero data hereinafter) is inputted 
to the other input terminal i2 of the selector 15. Control 
Signals which contents are shown in the following items (a) 
to (d) are applied to the control input terminal of the Selector 
15. 
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(a) When an image is printed on an odd-numbered line, 

the value of gradation data is even (0, 2, ... or 254) and the 
odd-numbered image data (1st, 3rd, . . . or 2055th image 
data) (i.e., image data at the position of an odd-numbered dot 
on one line) is read from the line memory 13, the image data 
inputted to the input terminal i1 is selected. On the other 
hand, when the even-numbered image data (2nd, 4th, ... or 
2056th image data) (i.e., image data at the position of an 
even-numbered dot on one line) is read from the line 
memory 13, the Zero data inputted to the input terminal i2 is 
Selected. 

(b) When an image is printed on an odd-numbered line, 
the value of the gradation data is odd (1,3,... or 255) and 
odd-numbered image data is read from the line memory 13, 
the Zero data inputted to the input terminal i2 is Selected. 
When the even-numbered image data is read from the line 
memory 13, the image data inputted to the input terminal ill 
are Selected. 

(c) When an image is printed on an even-numbered line, 
the value of the gradation data is even and odd-numbered 
image data is read from the line memory 13, the Zero data 
inputted to the input terminal i2 is selected. On the other 
hand, when the even-numbered image data is read from the 
line memory 13, the image data inputted to the input 
terminal i1 is Selected. 

(d) When an image is printed on an even-numbered line, 
the value of the gradation data is odd and odd-numbered 
image data is read from the line memory 13, the image data 
inputted to the input terminal i1 is selected. On the other 
hand, when the even-numbered image data is read from the 
line memory 13, the Zero data inputted to the input terminal 
i2 is Selected. 

The data selected by the selector 15 is fed to the com 
parator 16, which compares the data with the gradation data 
from the gradation counter 14. 

First, when the image is printed on the first line and the 
gradation data at the gradation counter 14 is a minimum 
value of 0, the image data are read one by one from the line 
memory 13. At this moment, Since the values of the grada 
tion data are even, the selector 15 is applied with the control 
Signal as described above in the item (a). Thus, when the 
odd-numbered image data (1st, 3rd, . . . or 2055th image 
data) is read from the line memory 13, the selector 15 selects 
the image data. When even-numbered image data (2nd, 
4th, ... or 2056th image data) is read from the line memory 
13, the selector 15 selects the Zero data. 

Accordingly, as shown in FIG. 5, when the odd-numbered 
image data is read from the line memory 13, the image data 
thus read is compared with the gradation data of value 0. 
When the even-numbered image data is read from the line 
memory 13, the Zero data is compared with the gradation 
data of value 0. 

If the value of the data of the selector 15 is higher than the 
value of the gradation data, the comparator 16 outputs an H 
(high) signal CP. Otherwise, the comparator 16 outputs an L 
(low) signal CP. Therefore, when the even-numbered image 
data is read from the line memory 13, the comparator 16 
does not output an H signal CP (which indicates the com 
parison result that the value of the even-numbered image 
data is higher than the value of the gradation data) but only 
outputs an L Signal CP. 
The Signals CP indicating comparison results as well as 

shift pulses (not shown) from the microcomputer 17 are 
sequentially fed from the head controller 7 to the shift 
register 21 in the head 9 shown in FIG. 3. By doing so, by 
the time the comparator 16 completes comparison with 



US 6,388,691 B1 
9 

regard to all image data on one line read from the line 
memory 13, Signals indicating whether or not density levels 
of the images at the positions of odd-numbered dots (1st, 
3rd, . . . , 2055th) on the one line are higher than 0, 
respectively, are stored in the shift register 21 in the head 9 
but Signals indicating that image density levels at the posi 
tions of even-numbered dots (2nd, 4th, ..., 2056th dots) on 
the one line are not Stored in the shift register 21. 
When the comparator 16 completes comparison with 

regard to all the image data on one line read from the line 
memory 13, the microcomputer 17 allows the signals stored 
in the shift register 21 in the head 9 to be simultaneously 
outputted from the shift register 21 and to be latched by the 
latch circuit 22 in the head 9 shown in FIG. 3. The respective 
Signals latched by the latch circuit 22 are Supplied to the 
head elements in the head 9. 

The structure of a head element is what is shown in, for 
example, FIG. 2 (in which case, N=2056) and the respective 
Signals latched by the latch circuit 22 are Supplied to the 
bases of transistors 65 at corresponding dot positions. AS a 
result, current is applied only to the transistors 65 which 
bases are supplied with H signals (which transistors 65 in 
this case correspond to the positions of dots having density 
levels higher than 0 among those corresponding to the 
positions of odd-numbered dots) and only these transistors 
65 are, therefore, heated. 

Next, in the head controller 7, the gradation counter 14 
counts up the gradation data by one. Then, the image data are 
read again one by one from the line memory 13. Since the 
values of the gradation data are odd this time, the Selector 15 
is applied with the control Signal as described above in the 
item (b). Thus, when the odd-numbered image data are read 
from the line memory 13, the selector 15 selects the Zero 
data. When the even-numbered image data are read from the 
line memory 13, the selector 15 selects the image data thus 
read. 

Accordingly, as shown in FIG. 5, when the odd-numbered 
image data is read from the line memory 13, the Zero data 
is compared with the gradation data of value 1. When the 
even-numbered image data is read from the line memory 13, 
the image data thus read are compared with the gradation 
data of value 1. Therefore, when the odd-numbered image 
data is read from the line memory 13, the comparator 16 
does not output an H Signal CP (which indicates a compari 
Son result that the value of the odd-numbered image data is 
higher than the value of the gradation data) but only outputs 
an L signal CP. 
AS a result, the shift register 21 in the head 9 Stores signals 

each indicating whether or not a image density level at the 
position of an even-numbered dot on one line is higher than 
1 but not signals each indicating whether or not an image 
density level on the position of an odd-numbered dot on the 
line is higher than 1. Due to this, current is applied to the 
transistors 65 corresponding to the positions of dots having 
density levels higher than 1 among those corresponding to 
the positions of even-numbered dots. 

Thereafter, whenever the gradation counter 14 in the head 
controller 7 counts up the gradation data to 255 one by one, 
the head controller 7 repeats the same processings while, 
with regard to the image data read out one by one from the 
from the line memory 13, Switching the selection as to which 
data is to be Selected by the Selector 15, each image data thus 
read or the Zero data. 
As shown in FIG. 5, therefore, when the value of the 

gradation data is even (2, 4, . . . or 254) and the odd 
numbered image data and even-numbered image data are 
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read from the line memory 13, the image data thus read and 
the Zero data are compared with the value of the gradation 
data, respectively. On the other hand, when the value of the 
gradation data is odd (3, 5, ... or 255) and the odd-numbered 
image data and even-numbered image data are read from the 
line memory 13, the Zero data and the image data thus read 
are compared with the value of the gradation data, respec 
tively. 

Thus, when the value of the gradation data is even, current 
is applied only to the transistors 65 corresponding to the 
positions of dots having density levels higher than 0 among 
those corresponding to the positions of odd-numbered dots. 
When the value of the gradation data is odd, current is 
applied only to the transistors 65 corresponding to the 
positions of dots having density levels higher than 0 among 
those corresponding to the positions of even-numbered dots. 

Consequently, H Signals are Supplied to the bases of the 
transistorS 65, respectively, for a period in accordance with 
the gradations at the positions of the corresponding dots 
(that is, PWM signals which density levels are subjected to 
pulse-width modulation are Supplied to the bases of the 
transistors 65), and current flows for a period according to 
the gradations. The thermal-melting or thermal-Sublimating 
material coated on the ribbon, which is not shown, is 
transferred to a medium by the heat of the respective 
transistors 65 generated as a result of the application of 
current, thereby printing the image for one line on the 
medium. 

After the image is printed on the first line as described 
above, the gradation counter 14 in the head controller 7 is 
reset at an initial value 0. The 2056 image data for the next 
one line written to the line memory 11 are newly written to 
the line memory 13 through the buffer memory 12 and the 
Same processings as those described above are repeated for 
these image data. In addition, 2056 image data for the further 
next one line are newly written to the line memory 11. 
When an image is printed on the Second line, however, the 

control signals as described above in the items (c) and (d) are 
applied to the Selector 15. Due to this, oppositely to a case 
of printing an image on the first line, when the value of the 
gradation data is even and the odd-numbered and even 
numbered image data are read from the line memory 13, the 
Zero data and the image data thus read are compared with the 
gradation data, respectively, as shown in FIG. 6. When the 
value of the gradation data is odd and the odd-numbered and 
even-numbered image data are read from the line memory 
13, the image data thus read and the Zero data are compared 
with the value of the gradation data, respectively. 

It is noted that the microcomputer 17 of the head con 
troller 7 feeds a signal indicating with respect to how many 
image data among the 2056 image data for one line, H 
Signals CP are outputted from the comparator 16, to the 
number correction section 8 shown in FIG. 1 every time the 
comparator 16 completes comparison with regard to all the 
image data for one line read from the line memory 13 (i.e., 
every time the gradation data at the gradation counter 14 has 
one value). 
The number correction section 8 corrects the length of 

time for allowing the latch circuit 22 of the head 9 to latch 
the signals (i.e., the length of time for applying current to the 
transistors 65 shown in FIG. 2) within a range of a cycle in 
which the gradation counter 14 counts up gradation data, 
according to the number of image data indicated by the 
Signals, and thereby controls the occurrence of uneven 
printing derived from Voltage drop at the common resistance 
(the semiconductor 66 or copper wire 67 in FIG. 2) of the 
head 9. 
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While this voltage drop correction section 8 is constituted 
as a hardware circuit Separate from the head controller 7, the 
section 8 functionally forms a part of the line head control 
ler. 

Next, the magnitude of the total current flowing through 
the respective transistors 65 of the head 9 in this thermal 
printer will be described. 

In the head controller 7, each image data and the Zero data 
are alternately Selected and compared with gradation data 
with regard to each of the 2056 image data for one line read 
from the line memory 13. Every time the value of the 
gradation data increases from 0 to 1. . . to 255 with regard 
to each of the image data, the controller 7 Switches Selection 
as to which data is to be selected, the image data or the Zero 
data. 

As also shown in FIG. 5, therefore, in any period in which 
the gradation data has a given value, the Zero data is Selected 
with regard to half (the 1028 image data) of the 2056 image 
data corresponding to the respective transistors 65 and is 
compared with the gradation data. For that reason, Signals 
CP each indicating that the value of the image data is higher 
than the value of the gradation data, are not fed to the head 
9. 

Accordingly, in this thermal printer, throughout the peri 
ods in which the gradation data have all values of 0 to 255 
(i.e., the entire printing time for one line), the number of 
transistorS 65, to which current is applied, becomes about 
half the number of the transistors for a thermal printer 
provided with a conventional head controller Such as the 
head controller 51 shown in FIG. 1 (i.e., the total current 
applied to the respective transistors 65 is reduced to about 
half the current in the conventional case). 

Therefore, even in a period in which the value of the 
gradation data is close to the minimum value 0, current is not 
simultaneously applied to almost all the transistors 65 but 
applied only to approximately 1028 transistors 65 which are 
almost half the entire transistors 65. Thus, the maximum 
value of total current applied to the respective transistors 65 
of the head 9 is reduced to about half the value in the 
conventional case. 

AS a result, the current flowing through the common 
resistance (the semiconductor 66 or copper wire 67) of the 
head 9 becomes considerably lower than the current in the 
conventional case, while using the same head 9 as the 
conventional head without newly developing a head having 
high-resistance head elements. 

Consequently, a Voltage drop at the common resistance 
becomes Smaller than that in the conventional case, So that 
it is possible to Sufficiently SuppreSS the occurrence of 
uneven printing by the processing of the number correction 
Section 8. 

Further, Since the current flowing through the common 
resistance is Smaller than the current in the conventional 
case, it is possible to make the power Supply Small in size 
and to reduce cost compared with the conventional case. 

Besides, Since the Voltage drop at the common resistance 
becomes Smaller than that in the conventional case, effi 
ciency for converting the electric energy of the power Supply 
into the thermal energy of the transistors 65 improves 
compared with the efficiency in the conventional case. 

Each of the image data is compared with every other value 
of the gradation data (either value of 0, 2, 4, . . . or 254 or 
value 1, 3, 5, ... or 255) and two image data corresponding 
to adjacent two transistors 65 are compared with values of 
the gradation data different from each other (i.e., while one 
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12 
data is compared with the value 0, 2, 4, . . . or 254 of the 
gradation data, the other is compared with the value 1, 3, 
5, ... or 255 of the gradation data). 
As shown in FIG. 7, therefore, an image composed by the 

images printed by adjacent two transistors 65 (i.e., images at 
positions of adjacent two dots in a line direction) is printed 
with the same 256 gradations as those in case of comparing 
the image data with all the values 0, 1, 2, 3, ... and 255 of 
the gradation data. 

Furthermore, Selection as to which data is to be Selected, 
the image data or the data having value 0 with the gradation 
data being the same value (e.g., as to which data is to be 
Selected, the image data and the data having value 0 when 
the value of the gradation value is 1), is Switched per line 
while the gradation data has one value, for the respective 
2056 image data for one line read from the line memory 13. 
Due to this, as shown in FIGS. 5 and 6, selection as to with 
which data, the image data corresponding to the same 
transistor 65 is to be compared, the value of 0, 2, 4, ... or 
254 or the value 1, 3, 5, ... or 255 is Switched per line while 
the gradation data has one value, for the image data corre 
sponding to the same transistor 65. 
AS shown in FIG. 7, therefore, even an image composed 

by the images (i.e., images located at positions of two 
adjacent dots in a direction orthogonal to a line) printed by 
the same transistor 65 on adjacent two lines is printed with 
256 gradations, as well. 

Consequently, if an image printed by this thermal printer 
is viewed, gradations do not appear coarser. 
AS already Stated above, the total current flowing through 

the respective transistors 65 of the head 9 is reduced to about 
half the current in the conventional case for the entire 
printing time for one line. This is equivalent to the fact that 
the total resistance value of all the transistors 65 of the head 
9 is doubled. AS can be seen, according to the thermal printer 
provided with this head controller 7 can equivalently double 
the total resistance value of the all transistors 65 while using 
the head 9 of the same structure as that of the conventional 
head. 

In the meantime, the printing power P of the head 9 is 
expressed as shown in mathematical formula 1 while assum 
ing that Voltage applied to the respective transistorS 65 
through a power Supply terminal 68 is V, the total resistance 
value of all the transistors 65 is R and printing time required 
for one line is T. 
Mathematical Formula 1 
In this thermal printer, the total resistance value of all the 

transistors 65 is equivalently doubled. Due to this, as can be 
judged from the above mathematical formula 1, the printing 
power of the head 9 is reduced to half the printing power of 
a thermal printer provided with the conventional head con 
troller Such as the head controller 51 shown in FIG. 1. To 
prevent the printing power from lowering and to maintain 
the same printing power as the conventional power, Voltage 
V applied to the respective transistors 65 may be set at a 
Voltage multiplied by the Square root of 2 of the Voltage of 
the thermal printer provided with the head controller shown 
in FIG. I (i.e., set at a voltage multiplied by the Square root 
of 2 of the Voltage in case of feeding Signals indicating the 
comparison results of comparing the image data with the 
gradation data for the respective image data to the head) as 
shown in the following mathematical formula 2. 
Mathematical Formula 2) 
Accordingly, it is possible to reduce the current flowing 

through the common resistance of the head 9 compared with 
the conventional case while maintaining the same printing 
power as the conventional power. 
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It goes without Saying that a control Signal applied to the 
control input terminal of the selector 16 in the above-stated 
example should not be limited to those described above in 
the items (a) to (d) but may be the following (e) to (h) 
instead. 

(e) When an image is printed on an odd-numbered line, 
the value of gradation data is even and the odd-numbered 
image data is read from line memory 13, the Zero data 
inputted to the input terminal i2 is selected. When the 
even-numbered image data is read from the line memory 13, 
on the other hand, the image data thus inputted to the input 
terminal i1 is Selected. 

(f) When an image is printed on an odd-numbered line, the 
value of the gradation data is odd and the odd-numbered 
image data is read from the line memory 13, the image data 
inputted to the input terminal i1 is selected. When the 
even-numbered image data is read from the line memory 13, 
on the other hand, the Zero data inputted to the input terminal 
i2 is Selected. 

(g) When an image is printed on an even-numbered line, 
the value of the gradation data is even and the odd-numbered 
image data is read from the line memory 13, the image data 
inputted to the input terminal i1 is selected. When the 
even-numbered image data is read from the line memory 13, 
on the other hand, the Zero data inputted to the input terminal 
i2 is Selected. 

(h) When an image is printed on an even-numbered line, 
the value of the gradation data is odd and the odd-numbered 
image data is read from the line memory 13, the Zero data 
inputted to the input terminal i2 is selected. When the 
even-numbered image data is read from the line memory 13, 
on the other hand, the image data inputted to the input 
terminal i1 is Selected. 

Furthermore, in the above example, the gradation counter 
14, the selector 15 and the comparator 16 are provided as 
exclusive hardware circuits at the head controller 7. It is also 
possible to make the microcomputer 17, for example, have 
the functions of part or all of these circuits. 

Moreover, in the above example, the present invention is 
applied to the thermal printer for processing image data 
which represents each gradation with 8 bits (i.e., with 256 
density levels) and printing an image. Needless to say, the 
present invention is also applicable to a thermal printer for 
processing image data which represents each gradations 
with bits other than 8 bits (e.g., 10 bits (i.e., with 1024 
density levels)) and printing an image. In the latter case, the 
maximum value of the gradation data at the gradation 
counter 14 may be set according to the number of bits. 

Further, in the above example, 2056 image data for one 
line are individually compared with gradation data by a 
Single comparator 16. It is also possible to provide a 
plurality of comparators which share the comparison opera 
tion for comparing the 2056 image data for one line with 
gradation data among them in the head controller 7 and to 
provide shift registers corresponding to the respective com 
parators in the head 9. 

Furthermore, in the above example, the present invention 
is applied to the thermal printer having 2056 head elements 
(i.e., the number of dots per line is 2056). Needless to say, 
the present invention is also applicable to a thermal printer 
the number of which head elements is not 2056. 

Additionally, in the above example, the present invention 
is applied to the thermal printer. It is also possible to apply 
the present invention to a printer other than the thermal 
printer. 

In addition, the present invention should not be limited to 
the above example and may have other various constitutions 
without departing from the gist of the present invention. 
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AS Stated So far, according to the present invention, it is 

possible to considerably reduce current flowing through the 
common resistance of the line head compared with the 
conventional case while using the same head as the conven 
tional head without newly developing a head having high 
resistance head elements in a thermal printer for printing an 
image by the line head. 

Thus, Voltage drop at the common resistance of the line 
head becomes Smaller than Voltage drop in the conventional 
case, So that it is possible to obtain an effect that the 
occurrence of uneven printing can be Sufficiently Suppressed 
by Voltage drop correction. 

Furthermore, Since current flowing through the common 
resistance becomes lower, it is possible to obtain effects that 
a power Supply for Supplying current to the head can be 
made Smaller in size and manufactured at lower cost. 

Moreover, Since the Voltage drop at the common resis 
tance is Smaller than Voltage drop in the conventional case, 
it is possible to obtain an effect that efficiency for converting 
the electric energy of the power Supply into the thermal 
energy of the head elements improves compared with the 
conventional case. 

Also, an effect that the gradations can be prevented from 
appearing coarser if viewing a printed image, is obtained. 

If Selection as to which data is to be Selected, data on the 
image and data having value 0 with the gradation data being 
the same value is Switched per line for each of the image 
data, an effect that the gradations can be further prevented 
from appearing coarser if viewing a printed image, is 
obtained. 

Further, if a signal correcting current-carrying time for 
carrying current to head elements of the line head is fed to 
the line head in accordance with the Signal indicating the 
comparison result, an effect of capable of further SuppreSS 
ing the generation of uneven printing resulting from Voltage 
drop at the common resistance of the line head. 

Having described preferred embodiments of the invention 
with reference to the accompanying drawings, it is to be 
understood that the invention is not limited to those precise 
embodiments and that various changes and modifications 
could be effected therein by one skilled in the art without 
departing from the Spirit or Scope of the invention as defined 
in the appended claims. 
What is claimed is: 
1. A line head controller of a printer printing an image by 

a line head, wherein the line head controller controls: 
generating gradation data representing image gradations 

by Stages, 
alternately Selecting each image data the number of which 

corresponds to the number of head elements of Said line 
head, and data of value 0, and Switching Selection as to 
which data is to be Selected, the image data or the data 
of value 0, every time a value of Said gradation data 
changes; and 

feeding a Signal indicating a comparison result of com 
paring Said Selected data with Said gradation data to 
Said line head. 

2. The line head controller of a printer according to claim 
1, wherein said line head controller further Switches the 
Selection as to which data is to be Selected, the image data 
or said data of value 0 with Said gradation data being a same 
value per line for the respective image data. 

3. The line head controller of a printer according to claim 
2, wherein Said line head controller further controls feeding 
a signal correcting current-carrying time for carrying current 
to head elements of Said line head to Said line head in 
accordance with the Signal indicating the comparison result. 
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4. A printer printing an image by a line head, comprising 
a line head controller, wherein the line head controller 
controls: 

generating gradation data representing image gradations 
by Stages, 

alternately Selecting each image data the number of which 
corresponds to the number of head elements of Said line 
head, and data of value 0, and Switching Selection as to 
which data is to be Selected, the image data or the data 
of value 0, every time a value of Said gradation data 
changes; and 

feeding a Signal indicating a comparison result of com 
paring Said Selected data with Said gradation data to 
Said line head. 

5. The printer according to claim 4, wherein line head 
controller further Switches the selection as to which data is 
to be Selected, the image data or said data of value 0 with 
Said gradation data being a same value per line for the 
respective image data. 

6. The printer according to claim 5, wherein Said line head 
controller further controls feeding a Signal correcting 
current-carrying time for carrying current to the head ele 
ment of Said line head to Said line head in accordance with 
the Signal indicating the comparison result. 

7. The line head controller of a thermal printer printing an 
image by a line head, comprising: 

gradation generation means for generating gradation data 
representing image gradations by Stages; 

Selection means for alternately Selecting each image data 
the number of which corresponds to the number of head 
elements of Said line head, and data of value 0, and for 
Switching Selection as to which data is to be selected, 
the image data or the data of value 0, every time a value 
of Said gradation data changes, and 

comparison means for feeding a signal indicating a com 
parison result of comparing Said Selected data with Said 
gradation data to Said line head. 

8. The line head controller of a thermal printer according 
to claim 7, wherein Said Selection means further Switches the 
Selection as to which data is to be Selected, the image data 
or said data of value 0 with Said gradation data being a same 
value per line for the respective image data. 

9. The line head controller of a thermal printer according 
to claim 8, further comprising: 

Voltage drop correction means for feeding a signal cor 
recting current-carrying time for carrying current to 
head elements of Said line head to Said line head in 
accordance with the Signal indicating the comparison 
result. 

10. A thermal printer printing an image by a line head, 
comprising a line head controller, Said line head controller 
comprising: 

gradation generation means for generating gradation data 
representing image gradations by Stages; 
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Selection means for alternately Selecting each image data 

the number of which corresponds to the number of head 
elements of Said line head, and data of value 0, and for 
Switching Selection as to which data is to be selected, 
the image data or the data of value 0, every time a value 
of Said gradation data changes, and 

comparison means for feeding a signal indicating a com 
parison result of comparing Said Selected data with Said 
gradation data to Said line head. 

11. The thermal printer according to claim 10, wherein 
Said Selection means further Switches the Selection as to 
which data is to be Selected, the image data or Said data of 
value 0 with Said gradation data being a same value per line 
for the respective image data. 

12. The thermal printer according to claim 11, further 
comprising: 

Voltage drop correction means for feeding a signal cor 
recting current-carrying time for carrying current to 
head elements of Said line head to Said line head in 
accordance with the Signal indicating the comparison 
result from the comparison means. 

13. A printer printing method of printing an image by a 
line head, comprising: 

a gradation generation Step of generating gradation data 
representing image gradations by Stages; 

a Selection Step of alternately Selecting each image data 
the number of which corresponds to the number of head 
elements of Said line head, and data of value 0, and of 
Switching Selection as to which data is to be selected, 
the image data or the data of value 0, every time a value 
of Said gradation data changes, and 

a comparison Step of feeding a signal indicating a com 
parison result of comparing Said Selected data with Said 
gradation data to Said line head. 

14. The printer printing method according to claim 13, 
wherein in Said Selection Step, the Selection as to which data 
is to be Selected, the image data or Said data of value 0 with 
Said gradation data being a same value is Switched per line 
for the respective image data. 

15. The printer printing method according to claim 14, 
further comprising: 

a Voltage drop correction Step of feeding a signal correct 
ing current-carrying time for carrying current to head 
elements of Said line head to Said line head in accor 
dance with the Signal indicating the comparison result. 

16. The printer printing method according to claim 13, 
wherein Said printer is a thermal printer. 

17. The printer printing method according to claim 14, 
wherein Said printer is a thermal printer. 

18. The printer printing method according to claim 15, 
wherein Said printer is a thermal printer. 
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